ABSTRACT. Synthesis, structural characterization, and biological activity studies of novel pyrido [2,3-d]pyrimidines (10a−h, 11a−h) are described. Cyclization of cynoacetamides (4, 5) with malonitrile (7) and aldehyde (6a−h) via Hantzsch pyridine synthesis afforded cyanopyridones (8a−h, 9a−h), which on cyclization with formic acid under microwave conditions led to the final product. All the reactions are significantly faster and the isolated yields are remarkably higher in microwave conditions compared to the conventionally heated reactions. The compounds were tested in vitro for their antibacterial activity against Escherichia coli, Pseudomonas aeruginosa, Bacillus subtillus, Staphylococcus aureus, and Micrococcus luteus and antifungal activity against Trichphyton longifusus, Candida albicans, Microsporum canis, Fusarium solani. Compounds 10b, 10e, 11b and 11e exhibited good antibacterial and antifungal activities compared with standards.
INTRODUCTION
In the past few years, heating and driving chemical reactions by microwave energy has been an increasingly popular theme in the scientific community because it increases reaction rates and yields under milder conditions. 1−5 The combination of solvent-free reaction conditions and microwave irradiation leads to large reduction in reaction times, enhancement in conversion and sometimes in selectivity with several advantages of the eco-friendly approach, termed green chemistry. 6, 7 Bicyclic nitrogen-containing heterocyclic compounds, such as purines 8−10 quinazolines 11−13 and pyridopyrimidines 14−17 are well-known pharmacophores in drug discovery. Pyrido [2,3-d] pyrimidines have been the most thoroughly investigated of the four possible pyrido pyrimidine ring systems and hence, this scaffold is associated with a wide range of biological activities, such as dihydrofolate reductase (DHFR) inhibitory activity, antitumor activity, 18−21 adenosine kinase inhibition 22 and tyrosine kinase inhibition.
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Keeping in mind our previous efforts 24 and the biomedical applications of pyrido [2,3-d] pyrimidines, with a view to further assess the pharmacological profile of this class of compounds, it was thought worthwhile to synthesize some new congeners of this class. Herein, we report the solvent free approach to synthesis of 4,7-dioxo-5,8-diphenyl-3,4,7,8-tetrahydropyrido [2,3-d] pyrimidine-6-carbonitriles (10, 11) under microwave irradiation with high yields. Results from assessment of the antimicrobial activity of these newly synthesized compounds are reported in this study.
EXPERIMENTAL
Melting points were determined in open capillary tubes and are uncorrected. Formation of the compounds was routinely checked by TLC (Kieselgel 60, F 254 ) of 0.5 mm thickness and spots were located by iodine and UV. The microwave-assisted reactions were realized in a QPro-M microwave synthesizer. IR spectra were recorded on Shimadzu FT-IR-8400 instrument using KBr pellet method. Mass spectra were recorded on Shimadzu GCMS-QP-2010 model using Direct Injection Probe technique. 10 mmol of 6-amino-1,2-dihydro-4-(aryl)-2-oxo-1-(aryl) pyridine-3,5-dicarbonitriles (8, 9) was dissolved in 20 ml of formic acid which was used as self solvent. Catalytic amount of conc. Sulphuric acid was added to promote the reaction. The reaction mixture was irradiated at 100 MW in microwave under TLC analysis. After completion of the reaction, the reaction mixture was cooled to room temperature; separated product was filtered, washed with methanol and crystallized from DMF to afford the desired products 10, 11. 
6-amino-
4-(4-bromophenyl)-2-oxo-1-phenyl-1,2-dihy- dropyridine-3,5-dicarbonitrile (8e) White6-amino-4-(3-nitrophenyl)-2-oxo-1-phenyl-1,2-dihy- dropyridine-3,5-dicarbonitrile (8g) Yellow6-amino-2-oxo-1-phenyl-4-(p-tolyl)-1,2-dihydropyridine- 3,5-dicarbonitrile (8h) White6-amino-4-(3-chlorophenyl)-1-(4-chlorophenyl)-2-oxo- 1,2-dihydropyridine-3,5-dicarbonitrile (9c) White6-amino-1-(4-chlorophenyl)-4-(4-nitrophenyl)-2-oxo- 1,2-dihydropyridine-3,5-dicarbonitrile (9f) Yellow6-amino-1-(4-chlorophenyl)-4-(3-nitrophenyl)-2-oxo- 1,2-dihydropyridine-3,5-dicarbonitrile (9g) Yellow6-amino-1-(4-chlorophenyl)-2-oxo-4-(p-tolyl)-1,2-dihy- dropyridine-3,5-dicarbonitrile (9h) White
5-(4-nitrophenyl)-4,7-dioxo-8-phenyl

RESULTS AND DISCUSSION
There are several strategies to prepare pyrido [2,3-d] pyrimidines e.g. the 2-amino-3-cyanopyromodones react with formamide and arylidene of different aldehydes or the 2-amino-3-cyano-4,6-disubstituted pyridines reacting with thiourea, formamide and arylisocynate. 23, 26 In accordance with our strategy, two 2-cyano-N-phenylacetamides (4, 5) were prepared by refluxing the aromatic amine (1, 2) Scheme 1. Synthesis of 6-amino-2-oxo-1,2-dihydropyridine-3,5-dicarbonitriles.
with cyanoacetic acid ester (3) under solvent free conditions. 27 The 6-amino-2-oxo-1,2-dihydropyridine-3,5-dicarbonitriles (8, 9) were prepared by reacting cyanoacetamides with aldehydes and malononitrile via Hantzsch pyridine synthesis.
The compounds 8−9 are useful intermediates for synthesizing various pyridine fused heterocylic compounds. Firstly, compound 4, 4-methoxy benzaldehyde (6a) and malononitrile (7) were refluxed in methanol using piperidine as catalyst (Scheme 1). After 16 hours the complete conversion of 4 occurred and 8a was isolated in good yields ( Table 1) .
The preliminary experimentations showed that when 8a was reacted with formic acid in the presence of a catalytic amount of sulfuric acid (H 2 SO 4 ) afforded 10a in poor yield (30%) under reflux conditions for 23 hours (Scheme 2). But when the same reaction was performed under microwave condition, we surprisingly found that the reaction time was reduced dramatically and the yield was improved remarkably (10a, Table 2 ).
To expand the course of this reaction, different starting materials were synthesized. For that we subsequently used two different 2-cyano-N-phenylacetamides (4 and 5) and eight different aldehydes (6a−h, with electron donating and withdrawing groups), over all 16 reactions were performed and isolated yield of corresponding 8−9 is shown in Table 1 . Microwave magnetron power was varied for the all the reactions performed, but maximum yield was obtained at lower irradiation (100 MW). There were substantial differences regarding the nature of substrate.
To demonstrate the practicality of the developed microwave protocol, large-scale experiments (30 mmol of 8e and 9g) were carried out in the synthesis of 10e and 11g using a 250 mL Erlenmeyer flask as the reaction vessel. High yields of 10e (77%) and 11g (79%) were afforded under microwave irradiation at 100 MW with exposure times of 30 min.
Biological Activity
The wide range of activity profile of pyrido [2,3-d] pyrimidines probes us to test and study the biological activities of some of the synthesized novel analogues. Many antimicrobial agents have been introduced into therapy; however, the field still needs extensive efforts for the development of new antimicrobial agents to overcome the highly resistant strains of microorganisms. The newly synthesized com- After 24 h incubation at 37 o C, the zone of inhibition was measured in mm. The results are depicted in Table 3 . The results showed that almost all compounds were active against the microorganism tested. It is worth noting here that compounds 10b, 10e, 11b and 11e exhibited significant activity against E. coli, P. aeruginosa, B. subtillus and M. letus. The other compounds showed moderate-to-low activity. The structure-activity relationship (SAR) shows that the presence of cyclic amide in pyrimidine ring might have increased the activity especially when R 2 is halogen at para position. The electron donating group at the para position as in case of 8h, 9h, 10h and 11h, diminishes the activity.
Compounds 8a−h to 11a−h were also screened in vitro for their antifungal activity against four species using the agar plate technique. 29 The linear growth of the fungus was obtained by measuring the diameter of the fungal colony after 7 days. The amount of growth inhibition in each case was calculated as percentage inhibition. The results shown in Table 4 indicated that compounds 10b, 10e, 11e exhibited significant activity against Trichphyton longifusus, 11b against Candida albicans and 11e against Micrococcus luteus. It is worth noting that compounds 10b, 10e, 11b and 11e exhibited significant (maximum) antibacterial and antifungal activities, possibly because of the presence of halogen substitution at the 4-position (para) of the N-phenyl substituent, in addition to the cyclic amide group.
CONCLUSION
In summary, a straightforward and effective method to synthesize novel 5-8-diaryl tetrahydro pyrido [2,3-d] pyridines has been developed using microwave-assisted synthesis. The substrates were obtained in good yields and in short reaction times. The microwave technique provides a rapid, simple, and effective method to synthesize such compounds that may have the potential application in the field of drug discovery. Moreover the reaction is simple, one pot and also gives excellent yields at larger scales. The compounds 10b, 10e, 11b and 11e exhibited significant (maximum) antibacterial and antifungal activities, which may develop into the potential class of antimicrobial agents. The antimicrobial activity results indicated that some of the tested compounds showed the most promising antibacterial and antifungal activities. Further studies are in progress in our laboratories and will be reported upon in the future.
